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ANTIOXIDANT ACTIVITY OF Cosmos caudatus EXTRACTS  
BY USING DIFFERENT TYPES OF EXTRACTION METHODS 
 
ABSTRACT 
 
The discoveries on new resources of natural antioxidant from plants have 
attracted increasing interest due to high potential of antioxidant capacity. In this 
paper, antioxidant activity of Cosmos caudatus extracts was investigated by using 
different types of extraction methods which were maceration extraction, Soxhlet 
extraction and ultrasonic-assisted extraction using 70% acetone (v/v) as solvent. The 
antioxidant activity and ascorbic acid content from each method was determined by 
2,2-Diphenyl-1-Picrylhydrazyl (DPPH) assay and High Performance Liquid 
Chromatography (HPLC) respectively. The results show that the three extraction 
methods exhibit significant value of ascorbic acid content. Ultrasonic-assisted 
extraction was the efficient method as it exhibits the highest amount of ascorbic acid 
content with 26.590 mg ascorbic acid equivalent per 1 g sample (mg AAE/g) with 
the corresponding value of 42.208% of its antioxidant activity after 60 minutes 
extraction. This is followed by Soxhlet extraction (13.527 mg AAE/g) and 
maceration extraction (5.190 mg AAE/g) within 8 hour and 24 hour extraction time 
respectively. Analysis by HPLC also shows that C. caudatus extract using ultrasonic-
assisted extraction has the highest vitamin C content (2.440 mg AAE/g) followed by 
Soxhlet extraction (0.968 mg AAE/g) and maceration extraction (0.739 mg AAE/g). 
For further study, optimization of the ultrasonic extraction method is proposed to 
achieve the optimum condition in extracting bioactive compounds from C. caudatus.  
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ANTIOKSIDAN AKTIVITI Cosmos caudatus EKSTRAK  
DENGAN MENGGUNAKAN PELBAGAI TEKNIK PENGEKSTRAKAN  
 
ABSTRAK 
 
Penemuan sumber baru antioksidan semulajadi daripada tumbuh-tumbuhan 
semakin menarik minat disebabkan potensi kapasiti antioksidan yang tinggi. Di 
dalam kajian ini, aktiviti antioksidan daripada ekstrak C. caudatus telah dikaji 
dengan menggunakan pelbagai jenis kaedah pengekstrakan iaitu pengekstrakan 
pengerapan, pengekstrakan Soxhlet dan pengekstrakan ultrasonik dengan 
menggunakan 70% aseton (v/v) sebagai pelarut. Aktiviti antioksidan dan kandungan 
asid askorbik dari setiap kaedah ditentukan oleh 2.2-Diphenyl-1-Picrylhydrazyl 
(DPPH) dan Kromatografi Cecair Prestasi Tinggi (HPLC). Keputusan menunjukkan 
bahawa tiga kaedah pengekstrakan mempamerkan nilai signifikan di dalam 
kandungan asid askorbik. Pengekstrakan menggunakan ultrasonik adalah kaedah 
yang cekap kerana ia mempamerkan kandungan asid askorbik tertinggi dengan 
jumlah 26.590 mg asid askorbik per 1 g sampel (mg AAE/g) hanya dengan 42.208% 
aktioksidan aktiviti dalam 60 minit pengekstrakan. Ini diikuti oleh pengekstrakan 
Soxhlet (13.527 mg AAE/g) dan pengekstrakan pengerapan (5.190 mg AAE/g) 
dalam jam 8 dan 24 jam pengekstrakan. Analisis oleh HPLC juga menunjukkan 
bahawa C. caudatus diekstrak oleh pengekstrakan ultrasonik mempunyai kandungan 
vitamin C tertinggi (2.440 mg AAE/g) diikuti oleh pengekstrakan Soxhlet (0.968 mg 
AAE/g) dan pengekstrakan pengerapan (0.739 mg AAE/g). Kajian selanjutnya 
mencadangkan menggunakan kaedah pengekstrakan yang berpotensi seperti 
pengekstrakan mikrogelombang dan pengoptimuman parameter kaedah ini dalam 
menemui kaedah pengekstrakan yang cekap dalam mengekstrak sebatian bioaktif 
daripada C. caudatus. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Background of the Study 
 
Various techniques of extraction have been developed over past few decades 
for extraction process. The development is done in order to shorten the extraction 
time, decrease the solvent consumption, increase the extraction yield, and enhance 
the quality of extracts (Wang and Weller, 2006). According to Gao and Liu (2005), 
the most frequently used extraction techniques employ conventional solvent 
extraction, Soxhlet extraction, and ultrasound-assisted extraction. For instance, 
employing of these different extraction techniques can be seen through the numerous 
studies on antioxidant activities of plants (Kalia et al., 2008; Wang et al., 2010; Jun 
et al., 2011).  
Antioxidant can be defined as compound that is capable of slowing or 
preventing the oxidation process of the molecules by inhabiting the initiation of 
oxidizing chain reactions. Generation of free radicals during metabolism and other 
activities exceed the antioxidant capacity of a biological system gives rise to 
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oxidative stress. Oxidative stress plays a role in the aging process. This concept is 
supported by increasing evidence that oxidative damage plays a role in age-related 
degenerative diseases, and that the dietary antioxidants oppose this and lower risk of 
disease (Krishnaiah et al., 2007). 
Most of the antioxidants in the market nowadays are manufactured 
synthetically and knows as synthetic antioxidant. This synthetic antioxidant is widely 
used in edible vegetable oil and cosmetics (Qin et al., 2009). However, according to 
toxicologists and nutritionists, the side effects of these synthetic antioxidants have 
already been documented. For example, these substances had shown carcinogenic 
effects in living organisms (Ghomi et al., 2010).  
Increasing awareness of community on effects of this synthetic antioxidant 
made considerable attention has been paid to natural antioxidant from plants. The 
consumption of herbs containing antioxidants has been reported to provide protection 
against a wide range of degenerative disease such as cancer and ageing (Duyn and 
Pivonka, 2000). Cosmos caudatus or its local name ―ulam raja‖ is one of the herbs 
that can be found in most tropical regions. Generally, C. caudatus was used in 
traditional medicine to improving blood circulation and as anti-aging due to its 
pharmacological activity. The pharmacological activity is attributed to its 
phytochemical property such as antioxidant yet has a potential as a natural 
antioxidant source. 
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1.2 Problem Statement 
 
Demands of antioxidant nowadays are in great demand due to community 
awareness towards free radicals or called ―oxidative cells‖ that can cause human 
cancer and other diseases. However, most of the antioxidant in market is being 
produced synthetically and side effects of these synthetic antioxidants have already 
been documented. Therefore, new alternative of findings natural antioxidant is 
crucial to overcome this problem such as C. caudatus that can be considered as a 
highly nutritious plant.  
Common extraction methods like conventional solvent extraction and steam 
distillation has disadvantage such as low yields, formation of by-products, and the 
presence of toxic organic residues in the extracts. The drawbacks linked to these 
techniques have led to the searching for new alternative extraction processes. This 
study was conducted in order to introduce and compare various extraction techniques 
such as maceration extraction, Soxhlet extraction, and ultrasonic-assisted extraction 
as a new alternative applicable method to extract antioxidant from C. caudatus.  
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1.3 Research Objective 
 
The main objective of this research is to investigate the effect of different 
types of extraction methods on the recovery of antioxidant compounds from C. 
caudatus extracts. 
 
 
1.4 Scope of the Study 
 
The scopes have been drawn in order to achieve the research objective: 
 
1.4.1. Studying the effect of extraction methods on extracting antioxidant 
compounds from C. caudatus. The extraction methods used are 
maceration extraction, Soxhlet extraction, and ultrasound-assisted 
extraction. 
 
1.4.2. Determining the antioxidant activity from C. caudatus extracts by 
using DPPH assay. 
 
1.4.3  Identifying the ascorbic acid content from C. caudatus extracts by 
using HPLC. 
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1.5 Significance of the Study 
 
Extraction of C. caudatus has highly beneficial effects as antioxidant and can 
give big impact in nutraceuticals and food chemistry. By demonstrating antioxidant 
activity, it has potential as a new source of natural antioxidant. In addition, it will 
also benefit future studies in determining other herbs that has same potential as a new 
alternative of natural antioxidant for human benefits. 
Due to high demand for antioxidant in the pharmaceutical and food 
processing, it is important for the industries to have simple, rapid and efficient 
extraction. These studies focus on the best methods in producing high antioxidant 
content capacity instead of conventional method to fulfill increment demand for 
antioxidant in the future. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Introduction 
 
 In this chapter, topics that related to this study will be explained in detail 
based on previous literature. Generally, the subchapter that covered in this chapter 
are Cosmos caudatus (ulam Raja), antioxidants and extraction methods. The others 
parts that related in this study also briefly explained.  
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2.2 Cosmos caudatus 
 
Cosmos caudatus or its local name ―ulam raja‖ is an annual, short-lived, 
perennial, aromatic herb originated from tropical Central America and belongs to the 
family asteraceae. It is an edible plant having about 20-26 species worldwide. 
According to study by Shui et al., (2005), C. caudatus was first been introduced to 
Philippines via the Spaniards. It grows wild and widespread in almost tropical 
regions such as in Mexico, United States, South America, Thailand and Malaysia. 
They can be recognized by its physical properties which is bearing purple, pink, 
white, yellow florets that can grows up about 1-8 ft. tall, sparsely hairy and leaves 
that finely dissected, 10 - 20 cm long (Rasdi et al., 2010). While in terms of its 
chemical contents, C.caudatus contains 0.3% of proteins, 0.4% of fats and 
carbohydrates.  
For Malaysian, young leaves of this herb was widely popular as herbal salad 
which often eaten raw with rice and chili, shrimp paste or ―budu‖ (fermented 
anchovies) to enhance flavours. Meanwhile, in a traditional medicine, it was used to 
strengthen the bones which can act as prevention to osteoporosis, improving blood 
circulation, anti-aging agent, reducing body heat, promote fresh breath and to treat 
infections associated with pathogenic. In other hand, in scientifically several 
biological activities in C. caudatus have been reported. For instance, C.caudatus 
contains 101.20 ± 5.62 µg/g DW of total carotenoid, 37.44 ± 0.50 µg/g DW of 
lutenin and 63.76 ± 1.01 µg/g DW of β-carotene (Fatimah et al., 2012). Besides that, 
previous study by Ragasa et al., (1999) reported that several antimutagen and 
antifungal compounds which are cotunolide, stigmasterol, lutein and 4,4′-
bipyridine was found in C. caudatus. In addition, compounds isolated from 
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C.caudatus also has been claims as a good sources of antioxidant compounds and  
were found had extremely high antioxidant capacity of about 2400 mg/L ascorbic 
acid equivalent antioxidant capacity (AEAC) per 100 g of fresh sample (Abas et al., 
2006; Shui et al., 2005).  
 
 
 
Figure 2.1 Cosmos caudatus 
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2.3 Free Radicals 
 
Oxidation metabolism occur continuously in the human body and food 
system as part of normal cellular function and cause formation of free radicals. Free 
radicals can be defined as high energy unstable atoms with unpaired electron and 
very reactive (Fang et al., 2002). This undesirable metabolic by product are normally 
generated by internal and external factors. Internal factors are through normal part of 
metabolism within the mitochondria, inflammation processes, physical exercises, and 
stress hormones. Meanwhile the external factors is by smoking, environmental 
pollutants, drugs, and ozone. The unstable free radicals have tendency in reducing 
their energy level by transferring excess electron to any adjacent substances. 
According to Wong et al., (2006), excess free radicals production attack nearby 
tissue by oxidizing membrane lipids, cellular proteins and DNA that can cause 
cellular damage which lead to the development of chronic diseases. Likewise, the 
interaction of oxygen free radicals with of lipid portion of body leads to formation of 
new radicals such as hydroperoxides, superoxide, lipoid oxides and hydroxyl radical 
whose type may interact with biological systems in a cytotoxic ways (Aytul, 2010). 
 
 
 
Figure 2.2 Effect of free radicals (Aytul, 2010) 
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2.4 Antioxidant  
 
Antioxidant can boost cellular defences and help to prevent oxidative damage 
to cellular components. Antioxidant can be defined as compound that is capable of 
slowing or preventing the oxidation process of the molecules by inhabiting the 
initiation of oxidizing chain reactions. Another definition is given by Halliwell and 
Gutteridge (1995), which is ―any substance that when present in low concentrations 
compared to that of an oxidisable substrate, signiﬁcantly delays or inhibits the 
oxidation of that substrate‖. Oxidation is a chemical reaction that 
transfers electrons or hydrogen from a substance to an oxidizing agent where free 
radicals is produced which initiate the chain reactions. Presence of antioxidants 
terminated these chain reactions and inhibits other oxidation reactions by removing 
free radical intermediate and being oxidized themselves respectively.  
The antioxidant system can be divided into two major groups, enzymatic 
antioxidants and non-enzymatic antioxidants. Enzymatic antioxidants or endogenous 
antioxidants is a type of antioxidants that been produced within human system body 
which consist of primary and secondary enzymatic defences. The primary enzymatic 
defences consists of three enzymes which is glutathione peroxidase, catalase and 
superoxide dismutase which responsible in neutralizing the free radicals. Meanwhile 
secondary enzymatic defences consist of glutathione reductase and glucose-6-
phosphate dehydrogenase that functions to reduces oxidized substances to its reduced 
form creating a reducing environment (Ratnam et al., 2006). However, endogenous 
antioxidants system does not suffice to maintain free radical at low concentration. 
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According to Pietta (2000), human body system need to depend on various 
types of antioxidants that present through diet to maintain free radical concentrations 
at low levels. This is because endogenous antioxidants system itself is incomplete 
without exogenous antioxidants. Therefore, non-enzymatic oxidants or called 
exogenous antioxidants are needed in order to disequilibrium redox state in favor of 
oxidation. Exogenous antioxidants can be obtained from dietary allowance either 
natural or synthetic drugs such as selenium, enzyme cofactors, nitrogen compounds, 
polyphenols and vitamins. 
 
 
 
Figure 2.3 Antioxidants mechanism in combating free radicals (Aytul, 2010) 
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2.4.1 Natural and Synthetic Antioxidants 
 
Generally, there are two types of antioxidant which is synthetic and natural 
antioxidants. Synthetic antioxidant is a compound of antioxidant that being 
synthesized by chemicals reaction. Employing of synthetic antioxidants such as 
nordihydroguaiaretic acid (NDGA), butylated hydroxyanisole (BHA), tertiary butyl 
hydroquinone (TBHQ), 2,4,5-trihydroxybutyropenone (THBP), propyl gallate (PG), 
hydroxymethylphenol (IONOX-100) and butylated hydroxyl toluene (BHT) is 
widely used in industrial processing food, dietary supplements, and cosmetics to 
prolong the storage stability, prevent rancidification and high performance (Guan et 
al., 2005; Guo et al., 2006). Even though they are high performance in protecting 
product quality, excess antioxidant might produce toxicities or mutagenicity and thus 
endanger for humans. Pursuant to Mukhopadhyay (2006), BHT is made from 
paracresol and isobutylene by chemical reactions which have unnatural molecular 
structures that may turn out to be hazardous. BHT use in rat feed caused them to 
develop fatal haemorrhages in the plural and peritoneal cavities in organs such as 
pancreas (Fki et al., 2005). On the other hand, BHT also being reported to encourage 
the development of tumors from previously initiated cells (Malkinson, 1999).  
Nevertheless synthetic antioxidants have been widely used in food industry as 
described previously, the trend search for antioxidant from natural sources has 
attracted much attention as an alternative of synthetic antioxidants. This is supported 
by past studies that shown many herbs and plants have potential as new natural 
source of antioxidant and exhibited stronger antioxidant activity (Cai et al., 2003; 
Shui et al., 2005; Siddhuraju and Becker, 2003; Kruawan and Kangsadalampai, 
2006; Kalia et al., 2008; Gan et al., 2010). Natural antioxidant is a compound that 
